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Tuesday, February 28, 2012 467amethod of freezing, glycerol concentration, and pH. Small Angle X-Ray Scat-
tering experiments are planned to determine if significant structural changes are
apparent on forming Prz-cyt c.
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The majority of our dietary Tryptophan (L-Trp) is oxidized to NAD via the the
kynurenine pathway. The first and rate-limiting step of the pathway, the conver-
sion of L-Try to N-formyl kynurenine, is catalyzed by two heme-based dioxy-
genases, tryptophan dioxygenase (TDO) and indoleamine 2,3-dioxygenase
(IDO). Although the two enzymes catalyze the same chemical reaction and ex-
hibit high structural similarity, they perform distinct physiological functions:
TDO is a hepatic enzyme that is linked to Trp homeostasis, while IDO is an
ubiquitous enzyme that is involved in a variety of important immune related
conditions, such as fetal tolerance and cancer immune escape. Recently, IDO
has attracted a great deal of attention owing to its potential as a therapeutic tar-
get for cancer. Despite of intense reserach, the dioxygenase reaction mecha-
nisms of IDO and TDO are poorly understood. Our recent spectroscopic and
kinetic studies indicate that the two reactions follow the same ferryl-based
two-step mechanism, challenging the general conception that the two atoms
of dioxygen are inserted into the substrate simultaneoiusly. In this work, the
structural differences between IDO and TDO are systematically evaluated.
The implication of the data on the functional differences between the two en-
zymes will be discussed.
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Indoleamine 2,3-dioxygenase (IDO) is a heme protein catalyzing the first and
rate limiting step in the metabolism of L-tryptophan via the kynurenine path-
way. The enzyme is responsible for the insertion of dioxygen into the indole
ring generating l-formyl-kynurenine. However, the mechanisms underlying li-
gand binding and the resulting protein conformational changes leading to the
reaction products are not well understood. Photoacoustic calorimetry was uti-
lized to probe conformational dynamics associated with CO photo-release
from the ferrous form of IDO in the presence and absence of L-tryptophan.
At pH 7.7 three kinetic phases are resolved in the absence of L-tryptophan:
a fast phase occurring on the timescale of the instrument response (<50ns) cor-
responding to an endothermic process (30 kcal mol1) with a volume expansion
of 11mL mol1, an approximately 500ns exothermic volume expansion (43
kcal mol1) of approximately 7mL mol1 and a 1.4ms endothermic (96 kcal
mol1) volume expansion of ~6mL mol1. Ionic strength data indicate large
contributions to the observed enthalpy and volume changes arising from elec-
trostriction. The observed rates differ in the presence of L-tryptophan; the life-
time of the 500ns phase decreases to ~200ns and the lifetime of the 1.4ms phase
increases 2.7ms whose thermodynamic and volumetric parameters are also sen-
sitive to ionic strength. The results are compared to CO-photolysis from myo-
globin and other heme proteins. On the basis of the data, a number of models for
ligand migration are proposed.
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Abstract: Electron transfers between protein-bound redox cofactors are essen-
tial steps in a wide range of biochemical processes. Electron transfer rates are
governed primarily by the distance between redox centers and by the driving
force that originates from the redox mid-point potentials or coupled catalytic
reactions. The structural complexity of natural redox proteins contrasts with
the relatively simple rules of cofactor placement that, in principle, govern
the electron transfer behavior. Rather than focusing on the structural details
of a specific natural protein, we have designed general protein structural scaf-
folds (‘‘maquettes’’) to accommodate a variety of functions. In this work we
demonstrate transmembrane redox reactions via AP6, an amphiphilic tetra-helical maquette, and via APC, a disulfide-linked dimer comprising two di-
helical subunits. In both proteins, histidine residues facing the interior of
the helices coordinate several redox-active heme cofactors. We performed
stopped flow experiments to probe transmembrane electron transfer, mixing
soluble electron-donoating species with protein liposomes encapsulating oxi-
dixing K3Fe(CN)6. In the presence of protein and heme, transmembrane elec-
tron transfer rates are significantly faster than in the absence of either. We
also employed Langmuir-Blodgett deposition to produce oriented protein
samples in lipid bilayers. The orientation of the maquettes in the membrane
is investigated through UV-Vis linear dichroism and circular dichroism
spectroscopy.Membrane Protein Structure II
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G-protein coupled receptor (GPCR) proteins form the largest family of mem-
brane proteins and are important drug targets. The three-dimensional crystal
structure of a protein is critical for drug design. However, membrane proteins
are exceedingly difficult to crystallize. One successful strategy recently used to
crystallize GPCR proteins is to derive thermostable mutants that crystallize
more readily than the wild type protein. One bottleneck in the identification
of thermostable mutants is the laborious number of experiments that need to
be done to determine the stability of a mutant. Another major bottleneck is
the large number of possible mutants that need to be screened. For a GPCR pro-
tein of typically 300 residues length there are approximately 6’000 possible
single-point mutants; the ways to combine two mutations are more than 16
million.
Our aim is to cut the experimental costs by predicting which mutations may
increase the thermostability of a GPCR protein. One of our computational
models for the structural stability as a function of single-point mutation to
alanine is based on experimental data for two different specific GPCR pro-
teins with 34 % sequence identity. Our model increased the recall rate and
the specificity of the predictions by 30 % and shrank the number of mutants
that need to be tested in experiment by 40 %. Application of the same model
to another GPCR protein with 25 % sequence identity showed the same en-
richment of correct predictions, with a decrease of 25 % in the number of
mutants to be tested. The predictions were calculated from a knowledge-
based energy function for the structural stability of two GPCR proteins.
We develop such functions from theoretical considerations and from exper-
imental data such as the thermostability and the existing crystal structures of
GPCR proteins.
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Recent successes in the crystallographic determination of structures of trans-
membrane (TM) proteins in the G protein-coupled receptor (GPCR) family
have established the lipidic cubic phase (LCP or ‘‘in meso’’) environment
as useful for growing diffraction quality crystals. The mechanism underlying
in meso crystallogenesis is currently at a descriptive level. To begin develop-
ing a quantitative, energy-based nucleation and crystallization mechanism we
are conducting molecular dynamics studies of the GPCR, rhodopsin, reconsti-
tuted into the LCP using the coarse-grained representations of the Martini
force-field. The first aim is to quantify differences in the hydrophobic/hydro-
philic exposure of the GPCR to lipids in the cubic and lamellar phases. Sim-
ulations of a single rhodopsin molecule in these monoolein-based mesophases
showed more energetically unfavorable hydrophobic-hydrophilic interactions
between the protein and lipid in planar bilayers of the lamellar phase. The
reduced level of hydrophobic mismatch in the LCP, by contrast, is attribut-
able to the highly curved geometry of the cubic phase that provides for
more efficient shielding of the protein from unfavorable hydrophobic expo-
sure. Since hydrophobic mismatch can drive oligomerization (Mondal
et al., BJ 2011 - in press), these differences suggest that compared to the
468a Tuesday, February 28, 2012LCP, lamellar structures provide a more favorable setting in which GPCRs
can oligomerize as a prelude to nucleation and crystal growth. These new
findings lay the foundation for future studies of in meso crystallization mech-
anisms and for a rational approach to the generation of structure-quality crys-
tals of membrane proteins.
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G-protein coupled receptors (GPCRs) constitute an important family of
transmembrane receptors that regulate major life processes including sensory
perception, cell proliferation and hormonal regulation. In lieu of the recent
surge in GPCR crystal structures, structure based drug design methods are
becoming more viable for GPCRs. However there is a huge disparity in
the number of GPCR structures available and the number of GPCRs being
studied in research. Thus homology models play an important role in
a wide variety of GPCR research ranging from drug design to studying
the functional mechanisms in these receptors. GPCR homology models do
not capture the critical structural differences between the template and the
GPCR being investigated.
We have developed GPCRToolKit that lays the computational framework for
building GPCR based modeling tools. We have developed a robust and accu-
rate homology model refinement method called LITiCon2.0, based on optimiz-
ing the helical translation, rotational orientation, tilt and gyration angles of the
seven helices. The structural differences between two GPCRs stem mostly
from the rigid body degrees of freedom. The algorithm is highly parallel to
enhance the computational speed. We have tested and validated this method
by refining the homology models of several class A GPCRs with known crystal
structures, one of them being the chemokine CXCR4 using b2-adrenergic re-
ceptor as template. We have also analyzed the statistical distribution of trans-
lations, tilts and rotations of TM helices in all available GPCR crystal
structures. We found that TM3 and TM7 showed relatively less variation in
rigid body orientation compared to the other helices. Overall, TM4 and TM5
showed the highest diversity in spatial orientation among the TM domains.
These results along with the description and validation of the LITiCon2.0
method will be presented.
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Rhodopsin activation proceeds through an ensemble of conformational sub-
states: Meta I4 Meta IIa 4 Meta IIb 4 Meta IIbH
þ [1]. These substates
are characterized by Schiff base deprotonation (Meta I), an outward tilt of
helix H6 (Meta IIb), and protonation of Glu134 (Meta IIbH
þ). Lipid bilayer
composition has been shown to affect rhodopsin activation, providing an op-
portunity to systematically investigate membrane protein-lipid bilayer inter-
actions on the mesoscale [2]. To quantify lipid acyl chain effects on
GPCR activation, rhodopsin was reconstituted in lipids with symmetric un-
saturated acyl chains (DOPC) or asymmetric lipids with sn-1 saturated and
sn-2 unsaturated acyl groups (POPC). Proteolipid recombinant membranes
were studied by UV-visible and FTIR spectroscopy. Symmetric membrane
lipids (DOPC) stabilize Meta IIa and render the normally weakly populated
substate accessible to study. The Meta IIa substate is characterized by an
opening of the Schiff base ionic lock, and an activation switch in a conserved
water-mediated, hydrogen-bonded network involving helices H1/H2/H7 that
is sensed by Asp83. Replacement of an unsaturated acyl chain with a satu-
rated chain (POPC) increases the pKa value for the Meta I4 Meta II equi-
librium, and consequently destabilizes the Meta IIa substate. Modulation of
the bilayer curvature stress due to a negative monolayer spontaneous curva-
ture (H0) (DOPC) contributes a mechanical force that shifts the Meta I 4
Meta II equilibrium towards Meta II, leading to rhodopsin activation. The
flexible surface model (FSM) explains how chemically non-specific interac-
tions between membrane proteins and the lipid bilayer contribute to GPCR
activation [3,4].
[1] M. Mahalingam et al. (2008) PNAS 105:17795.
[2] E. Zaitseva et al. (2010) JACS 132:4815.
[3] A.V. Botelho et al. (2006) Biophys. J. 91:4464.
[4] M.F. Brown (1994) Chem. Phys. Lipids 73:159.2384-Pos Board B154
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The rhodopsin proteolipid system was modeled through all-atom molecular dy-
namics (MD) simulations on the microsecond timescale and compared to experi-
mental 2H NMR data. The post-isomerization behavior of the covalently bound
ligand, retinal, was tested for two independent models: (i) the counterion-switch
(neutral binding pocket) and (ii) complex-counterion (negative binding pocket)
[1]. Eachmodel leads to distinct geometrical rearrangements, with direct implica-
tions for interpretation of recent rhodopsin crystal structures [2,3]. The distinctive
feature of the counterion-switch simulation entails fluctuations of the C11=C12-
C13=C14 dihedral angle. These motions are correlated with changes in the C5-,
C9-, andC13-methylgrouporientations, and result in a long-axis flipof thepolyene
chain within the binding pocket of rhodopsin. In contrast, the complex-counterion
simulation produced retinal fluctuations at the C7=C8-C9=C10 dihedral. This fa-
cilitates stabilization of the methyl group orientations (z60 with respect to the
membrane normal), consistent with 2H NMR results for the Meta I state [4]. Re-
cently, a putative structure of the fully-activated Meta II state revealed a long-
axis flip of the retinylidene chain relative to its orientation in the dark state [2].
Our simulations show that electrostatic changes to the rhodopsin binding pocket
lead to alternate pathways of retinal conformational release. Agreement between
simulation and spectroscopy indicates that the retinylidene flip may only occur
in the Meta I4Meta II transition. These simulations provide an essential frame-
work for interpretingmolecular snapshots (crystal structures) ofmembraneprotein
activation, illuminating how small-scale changes in a GPCR binding pocket can
affect large-scale membrane protein-lipid bilayer dynamics.
[1] K. Martı´nez-Mayorga et al. (2006) JACS 128:16502.
[2] H.-W. Choe et al. (2011) Nature 471:651.
[3] J. Standfuss et al. (2011) Nature 471:656.
[4] G.F.J. Salgado et al. (2006) JACS 128:11067.
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Second extracellular loops (ECL2) of G protein-coupled receptors (GPCR) are
known to play important roles by accommodating various GPCR ligands and pro-
viding ligand specificity. Despite the structural similarity among GPCR proteins,
ECL2 structure is particularly hard to predict because of the relatively large size
and ill-conserved sequence. In this study, we developed an efficient sampling algo-
rithm for GPCR ECL2 that utilizes geometric constraints specific for GPCR. Two
applications of the triaxial loop closure algorithm were employed to sample geo-
metrically plausible ECL2 conformations that form a well-conserved disulfide
bondwith a particular transmembrane helix. Scores basedon geometric constraints
that effectively describe ECL2 environment were introduced to facilitate filtering
of implausible ECL2 structures. All of these components are purely geometric,
hence sampling and filtering can be performed with extremely low computational
cost. A benchmark test was performed on seven unique GPCRs for which all-atom
structures have been revealed. The result shows that the best model out of 50 sam-
pled structures is of acceptable accuracywith themedian loopRMSDless than5 A˚.
Combined with energy-guided global optimization, further refined ECL2 struc-
tures could be obtained. New ideas introduced in this study may be useful for
developing methodologies for further GPCR modeling and docking studies.
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Increasing body of evidence indicate that G protein-coupled receptors (GPCRs)
exist as dimers and oligomers in the cell membrane. The goal of this study is to
estimate the homodimeric form of beta-2 adrenergic (ß2AR) receptor which is
a member of the GPCR family, via multiple docking experiments.
The transmembrane domain VI (TMVI) of the receptor is suggested to be a sig-
nificant part of the interface both experimentally and theoretically [1,2]. The
